Background. Coronary artery anomalies including 1) right ventricle (RV)-to-coronary artery fistulas, 2) coronary artery stenoses, and 3) coronary occlusions occur in patients with pulmonary atresia with intact ventricular septum (PA-IVS). In some, a large part of the coronary blood supply may depend on the RV. This RV-dependent coronary circulation may determine survival after right ventricular decompression (RVD): RVD may cause RV "steal" in the presence of fistulas alone and ischemia, coronary isolation, or myocardial infarction in the presence of coronary stenoses.
With the emphasis on cavity size and anatomy, the associated problems of RV-to-coronary artery fistulas and coronary stenoses have only recently received attention as determinants of surgical management. 7, 19, 20, 25, 29, 31, 33, 34, Because the suprasystemic From the Departments of Cardiology, Radiology, and Cardiovascular Surgery, Children's Hospital, Boston.
RV may supply a substantial fraction of myocardial blood flow in the presence of fistulas with or without coronary stenoses, surgical procedures that result in RV decompression (RVD) may potentially compromise perfusion of various amounts of myocardium. In an effort to focus on this problem, the term "right ventricle-dependent coronary circulation" (RVDCC) has been introduced. 31'33'34'54,57 The potential mechanisms for adverse outcome after RVD may depend on the specific coronary anatomy ( Figure 1 ): 1) In patients with RV-to-coronary fistulas without coronary stenoses, RVD could result in a right ventricular "steal" phenomenon, i.e., runoff from the aorta into the RV during diastole. 25, 33, 34, 37, 38, 48, 52, 53 2) In patients with RV-to-coronary artery fistulas with coronary stenoses, RVD could lead to a right ventricular steal if the stenosis is distal to the fistulas and steal and/or ischemia if the stenosis is proximal to the fistulas.
3) Finally, in patients with RV-to-coronary artery fistulas with coronary occlusion or atresia proximal to a fistulous insertion, RVD could result in coronary isolation (i.e., RV-dependent supply of the myocardium distal to the occlusion) and myocardial infarction. In an at-FIGURE 1. Diagram of potential mechanisms for adverse outcome with right ventricular decompression in patients with pulmonary atresia with intact ventricular septum and right ventricle-to-coronary artery fistulas. Ao, aorta; RCA, right coronary artery; RV, right ventricle. RV (Figure 2 ). Angiograms before RVD were reviewed, and the correlation between coronary anatomy and survival after RVD was assessed from these 16 patients.
In six patients, adequate serial angiograms of the coronary arteries in the presence of sustained suprasystemic right ventricular pressure were available for review (18 angiograms in six patients). This group included three patients in whom RVD was initially unsuccessful, one patient in whom RVD was deferred, and two patients who had initial shunt procedures elsewhere. The progression of coronary disease with sustained right ventricular hypertension was assessed from these six patients. In five patients, serial angiograms subsequent to RVD were available for review (12 angiograms in five patients).
Results

Angiographic Anatomy
The locations of fistulas and stenoses in the 23 patients reviewed are shown in Figure 3 and Table 1 . Seven had fistulas only (30%), and 16 had stenoses in addition to fistulas (70%). Fistulas were most commonly connected to the proximal or mid left anterior descending (LAD) and the mid right coronary artery (RCA). Eighteen patients had more than one fistula, and 10 patients had more than one fistula to a given coronary artery. A fistula to the circumflex artery (Cx) was seen in only one patient ( Figure 3 ).
Stenoses occurred most commonly in the mid LAD. Eight patients had more than one stenosis, and four patients had more than one stenosis in a given coronary artery. Stenoses were most commonly found in close proximity to fistulous insertions, being either immediately proximal or distal to the fistula. A stenosis not in close proximity to a fistulous insertion was seen in only one patient ( Figure 3) .
Five patients had a complete coronary artery occlusion demonstrated at initial catheterization. In three, the proximal RCA could not be visualized, and differentiation between occlusion and absence of the proximal segment was not possible. Two of these three had an additional occlusion of the mid or distal LAD. Other coronary arterial abnormalities in addition to fistulas and stenoses included dilated coronary arterial segments (11 patients), coronary artery collaterals (six patients), and single coronary artery (one patient).
An unusual pattern of right ventricular vascular supply to the left ventricle was seen in seven patients. The right ventricular apex gave off several "vessels" in a spraylike arrangement to the left ventricular apex, inferior wall, and/or posterior wall. These right ventricular apical vessels did not have the form or distribution of normal coronary arteries or collaterals and appeared to be supplying areas of the left ventricular myocardium that had decreased coronary perfusion secondary to a coronary artery stenosis or occlusion of one of the native coronary arteries (Figures 4-7) .
RVMorphology
All patients except three (patients 14, 22, and 23) were thought to have a tripartite RV by angiography (inflow, trabecular portion, outflow). Some degree of tricuspid regurgitation was present in all patients in whom it could be assessed ( Table 1) . RV The surgical procedures used were varied and included transannular pericardial outflow tract patch plus Blalock-Taussig shunt (seven patients), outflow tract patch without shunt (two patients), outflow tract patch after an initial shunt procedure (two patients), RV-topulmonary artery homograft conduit after an initial shunt procedure elsewhere (two patients), outflow tract patch after initial pulmonary valvotomy plus shunt (two patients), and tricuspid valvectomy plus formalinization of the ductus arteriosus (one patient) ( Table 1) .
The 16 decompressed patients were divided into three groups based on coronary anatomy ( Figure 8 ): group 1, fistulas without coronary stenoses; group 2, fistulas with stenoses in either the right or left coronary arteries; and group 3, fistulas with stenoses involving both the right and left coronary arteries. There were seven patients in the first group (fistulas without coronary stenoses). All seven survived RVD ( Figure 8 , Table 1 ). Fistulas connected to both the RCA and the LAD in three patients, to the RCA alone in two patients, and to the LAD alone in one patient. The seventh patient, who had anomalous RCA origin from the LAD, had a large fistula to the mid LAD ( Figure 9 ). Two of the seven patients in this group had fistula ligation at the time of RVD. Coronary collaterals were not seen in any of these patients without coronary stenoses.
There were six patients in the second group (fistulas with stenosis of either the right or left coronary artery, but not both). All dence of left ventricular dysfunction ( Figure 8 , Table  1 ). Patient Of the six decompressed patients with stenoses of a single coronary artery, collateral vessels were seen in two, both survivors. In patient 10, the LCx collateralized to the LAD, which was stenotic in its midportion. In patient 11, the RCA collateralized the LAD in the presence of proximal and mid LAD stenoses (Figures 10  and 11) . Three of the patients in this group (patients 8, 11, and 13) had stenosis proximal to a fistulous insertion, a situation where there is potential for coronary isolation, i.e., RV-dependent supply of the entire myocardial territory distal to the stenosis. Of these three, only the patient with coronary collaterals (patient 11) survived.
There were three patients in the third group (fistulas with stenoses and/or occlusion involving both the RCA and LAD). All three died shortly after RVD, two in the operating room and the third 18 hours after surgery. Two of the three (patients 14 and 15) had not only stenosis but also occlusion of both the RCA and LAD, resulting in, first, potential isolation of both coronary systems and, second, severe reduction in the potential for adequate collateralization of one system to another. One of the three (patient 14) had a stenosis of the proximal LCx as well ( Figure 8 , Table 1 Three of five decompressed patients with serial angiograms had coronary artery stenoses demonstrated before RVD. In none of these five did the follow-up angiograms show new stenoses. Selective left coronary artery injection in patient 11 at 28 months after RVD, however, revealed progression of a mid LAD stenosis to an occlusion. Also demonstrated at this follow-up catheterization were new collaterals from the RCA to the distal LAD territory, with the maintenance of normal left ventricular function angiographically.
Long-term Follow-up
Among the 11 patients who survived RVD, there were no late deaths, with a mean follow-up of 22 months (range, 1-70 months). Four have had complete twoventricle repairs; in three, the atrial septal defect and shunt are still open, and in two, the atrial septal defect is open with shunt closed. In the remaining patient (patient 10), the distal end of the right pulmonary artery was connected to the superior vena cava, with antegrade RV flow supplying the left pulmonary artery. Thus, in 10 of 11 patients, the RV provides most or all of the pulmonary blood flow. All 11 patients are alive and well.
Discussion
Relation of Survival After RVD to Coronary Anatomy RV-to-coronary artery fistulas with and without coronary artery stenosis have been described in both necropsy and angiographic reviews of PA-IVS. 19 Third and most important, RVD may be contraindicated in the presence of stenosis and/or occlusion involving both the right and left coronary systems. The three patients in our series who died immediately after RVD had stenoses and/or occlusion of both the RCA and the LAD. In addition to having involvement of multiple vessels, the patients in this group were the only ones to have complete coronary artery occlusions and/or proximal vessel atresia in addition to stenoses. Two of three had isolation of both coronary systems (almost entire coronary supply RV dependent), and the potential for isolation of the LAD existed in the third.
In retrospect, each of these patients had a major portion of the left ventricular myocardium dependent on supply from the RV and therefore at risk for ischemia when the RV was decompressed. In the presence of obstruction of both the right and left coronaries, the potential for effective collateral formation may be severely limited. Death after RVD seems to depend on the amount of left ventricular myocardium at risk for ischemia, namely that which is distal to coronary artery stenoses in the presence of stenoses in other vessels that prevent effective collateralization. 
